Cellular refractoriness to the heat-stable enterotoxin peptide is associated with alterations in levels of the differentially glycosylated forms of guanylyl cyclase C.
The heat-stable enterotoxin peptides (ST) produced by enterotoxigenic Escherichia coli are one of the major causes of transitory diarrhea in the developing world. Toxin binding to its receptor, guanylyl cyclase C (GC-C), results in receptor activation and the production of high intracellular levels of cGMP. GC-C is expressed in two differentially glycosylated forms in intestinal epithelial cells. Prolonged exposure of human colonic cell lines to ST peptides induces cellular refractoriness to the ST peptide, in terms of intracellular cGMP accumulation. We have investigated the mechanism of cellular desensitization in human colonic Caco2 cells, and observe that exposure of cells to ST leads to a time and dose-dependent inability of cells to respond to the peptide in terms of GC-C stimulation, both in whole cells and membranes prepared from desensitized cells. This is concomitant with a 50% reduction in ST-binding activity in desensitized cells. Desensitization was correlated with a loss of the plasma membrane-associated, hyperglycosylated 145 kDa form of GC-C, while the predominant 130 kDa form, localized both on the plasma membrane and the endoplasmic reticulum, continued to be present in ST-treated cells. Desensitized cells recovered ST-responsiveness on removal of the ST peptide, which was correlated with a reappearance of the 145 kDa form on the cell surface, following processing of the endoplasmic reticulum-associated pool of the 130 kDa form. Selective internalization of the 145 kDa form of the receptor was required for cellular desensitization, as ST-treatment of cells at 4 degrees C did not lead to refractoriness. We therefore show a novel means of regulation of cellular responsiveness to the ST peptide, whereby altering cellular levels of the differentially glycosylated forms of GC-C can lead to differential ligand-mediated activation of the receptor.